We attempted to evaluate familial aggregation and coaggregation of history of hypertension and stroke. Past and family history of hypertension and stroke for 83 089 probands and their relatives were obtained from a data set for the Japan Collaborative Cohort Study for Evaluation of Cancer Risk sponsored by the Ministry of Education (JACC Study), which was initiated from 1988 to 1990. First, evaluation was performed for familial aggregation of each of two disorders using ordinal logistic regression of the generalized estimation equations (GEE) to account for dependence of observations within families. Secondly, in order to evaluate the familial congregation of the history of hypertension and stroke, a GEE-based multivariate probed predictive model was applied. After adjusting for the proband's age, level of obesity, smoking status, drinking status, habitation area, and the gender and type of the relatives, the estimated odds ratios for the intraindividual clustering and familial aggregation of the disease history showed statistically significant relationships. In addition, the history of the two disorders showed a significant relationship in terms of familial coaggregation independently of the aggregation of each disorder itself. Our results confirmed that hypertension and stroke coaggregate strongly within families through possible effects of genetic factors, which, alone or in conjunction with environmental factors, influence susceptibility to both hypertension and stroke.
Introduction
Clinically, hypertension can often be detected in patients who have had cerebrovascular accidents. Patients with hypertension are known to develop atherosclerosis more rapidly than patients without this illness. 1 Epidemiologically, hypertension is a well-recognized risk factor for stroke, 2, 3 a fact that underlies the importance of proper blood pressure control for the prevention of stroke among the hypertensives. Coexistence of hypertension and stroke within an individual, which has been proved to occur more often than predicted by chance, is probably in large part explained by the causal effects of hypertension on the development of stroke. At the same time, however, hypertension and stroke might share a common aetiological background, with stroke developing to a clinical stage even before a manifest blood pressure elevation can be detected.
Familial aggregation of hypertension has been extensively studied. For example, a Finnish Study revealed significant parent-offspring correlations of blood pressures whereas the spousal correlations of blood pressure were not significant. 4 A large epidemiological study of the heritabilities of blood pressure confirmed the hypothesis that both genetic and environmental components were significant determinants of blood pressure, and showed a significant role of shared household environments in the determination of blood pressure within generations. 5 Familial aggregation of stroke has also been examined: one study suggested that a parental history of stroke might be a significant risk factor for stroke in offspring. 6 As stroke is naturally expected to aggregate in families where hypertension is prevalent, familial coaggregation of hypertension and stroke has also been a relevant public health concern. In a previous article, we confirmed a significant increase in the odds ratio (OR) for familial coaggregation by comparing families predisposed to these two illnesses with families in which no member contracted either disease, although the population we used for the analysis was restricted to a single rural area of small population size. 7 The genetic base of the observed association within families is not well understood, but some researchers have extensively examined the subject of familial coaggregation. In a clinic-based study, Nicolaou et al 8 observed a higher occurrence of stroke as well as hypertension in parents of hypertensive probands compared with spouses, and argued that the excess risk might be due to genetic factors that enhance the susceptibility to both disorders.
Two possibilities can be raised to explain the familial coaggregation of stroke and hypertension, one being that the grouping of stroke and hypertension in families might be attributable solely to known familial aggregation of stroke. If so, a high prevalence of stroke could be expected in the relatives of persons with a history of both stroke and hypertension but not in the relatives of persons with hypertension alone. Another possibility is that stroke and hypertension coaggregates in families independently of the aggregation of stroke. If so, a high prevalence of stroke could be expected even in the relatives of persons with hypertension alone. However, because of the shortcomings that inevitably attend the traditional methodological approach, 9 the conventional analysis using a series of ordinal logistic regression models is not suited to deal with this issue properly. Does the familial coaggregation of stroke and hypertension manifest itself independently of the familial aggregation?
To address the limitations in the traditional analysis, a multivariate regression method was recently proposed. 9 The purpose of the present study is to evaluate the familial coaggregation of stroke and hypertension along with the intraindividual clustering and intrafamilial aggregation of the two diseases by applying a multivariate model. By doing so, we can estimate the association between stroke in a relative and hypertension in a proband and, at the same time, the association between hypertension in a relative and stroke in a proband, each of which was previously had to undergo separate assessments.
Subjects and methods

Study population
The baseline data for the cohort of the JACC Study were collected from 1988 through 1990, when 110 792 Japanese subjects (46 465 men and 64 327 women) aged 40-79 years completed a questionnaire on lifestyles and medical history. They were enrolled from 45 study areas throughout Japan, mostly in the course of medical check-ups supported by the municipalities. The subjects were homogenous both ethnically and religiously, and showed no marked differences in social class. The Ethical Board of the Nagoya University School of Medicine approved the investigation. Details of the JACC Study design have been published previously. 10 A standardized, self-administered questionnaire was used to obtain basic demographic characteristics in addition to details on smoking, drinking and dietary habits, history of previous illness, and history of disease in consanguineous parents and siblings. In the present study, we defined a proband as a person who completed the baseline questionnaire, and a relative as the proband's parents and siblings. Thus, questions on the family history of diseases consisted of four independent items, each concerned with the status of the proband's father, mother, brother(s), and sister(s). Therefore, when the proband had two or more brothers, the history of a disease from all of the proband's brothers was represented by a single answer. Likewise, the information on the history of a proband's sisters was lumped into a single response. We did not contact the subjects' relatives to ensure accuracy of the responses about the family history of stroke and hypertension. The number of brothers and sisters was also obtained from each proband.
Analytical models
Our statistical approach was two-fold. First, we used a logistic regression model to asses the familial aggregation of hypertension and stroke separately. We treated the history status (absent vs present) of the relative as an outcome variable and the history status of the proband as a predictor for computing the OR for familial aggregation and corresponding 95% confidence interval (95% CI). To account for dependence of observations within families, we employed the generalized estimating equations (GEE) method. 11 All regression models were adjusted for the age and habitation area of the proband as well as the gender and consanguinity type (parent or sibling) of the relative. Moreover, we conducted two additional analyses in which the disease history of either the parents or siblings, in place of that of all relatives, was treated alternately as predictor variable.
Second, we applied to our cohort the multivariate proband predictive model that was previously detailed elsewhere. 9 In short, the binary bivariate response representing the relative's disorder status for each of stroke and hypertension was modelled as a function of the disorder status of the proband and covariates for each unit of analysis. Again, by means of GEE, we controlled for the intrafamilial correlation of the outcome. We consider the responses (Y HPTj , Y STRj )
T to be conditional on the proband's response (HPT for a history of hypertension, STR for a history of stroke), with j ¼ 1 for the proband and j ¼ 2, 3, 4, and 5 for the fathers, mothers, brothers, and sisters, respectively. We included terms for the covariate (denoted 'COVAR') in the model. This model can be expressed by two ordinary logistic regression equations with shared coefficients:
Interpretations of the main parameter of aggregation in the model are as follows: d refers to the association of hypertension and stroke within persons, and is interpreted as the log OR measuring the increase in log odds of one disease in a person with the other disease compared with a person without the other disease; g HPT refers to aggregation of hypertension within families, and is interpreted as the log OR measuring the increase in log odds of hypertension in a relative of a proband with hypertension compared with a relative of a proband without hypertension; g STR refers to aggregation of stroke within families, and is interpreted as the log OR measuring the increase in log odds of stroke in a relative of a proband with stroke compared with a relative of a proband without stroke; g HPT-STR refers to coaggregation of hypertension and stroke within different family members, and is interpreted as the log OR measuring the increase in log odds of hypertension (or stroke) in a relative of a proband with stroke (or hypertension) compared with a relative of a proband without stroke (or hypertension). Since the proband predictive model, as indicated in the equations, does not use disorders of the probands as the response, one should notice that the 'persons' refer not to probands but to relatives in measuring the within-person association. Interaction terms were not added to the model because interpretations of parameters other than d change in the presence of interactions. The regression parameters are obtained by solving a set of estimating equations. We included the age, body mass index (BMI, kg/m 2 ), smoking status (current, former, never), drinking status (current, former, never), and habitation area of the proband plus the gender and consanguinity type (parent or sibling) of the relative as covariates in the models to be controlled for since we considered them to be potential confounding factors.
Originally, the unit of analysis in the model was supposed to be the bivariate response of each relative. However, we did not ask for the history of illness of each sibling. For this reason, we treated the disease history of a proband's brothers (sisters) collectively as a unit observation irrespective of the number of siblings. Because absence of brothers or sisters logically resulted in dropping of the corresponding equation from the model, the GEE-based model consequently allowed for the family size in the analysis. Again, separate analyses were conducted for the 'all relatives', 'parents', and 'siblings' models.
We excluded the data from a number of study areas because of the areawide absence of answers about the past or family history, which reduced the number of eligible subjects to 83 089. All data storage and analyses were performed using the Statistical Analysis System (SAS) release 8.2 licensed to the Nagoya University Computation Center. Model fitting was performed using the procedure proc genmod for GEE to adjust for the correlations of observations within families.
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Results
The prevalence of history of hypertension and stroke is provided in Table 1 . Of 83 089 probands, 16 772 and 1002 individuals had a history of hypertension and stroke, respectively, with 602 persons sharing both disease histories. In comparison with probands having neither disease histories, a high prevalence of relatives' history of both hypertension (43.0 vs 26.1%) and stroke (34.3 vs 22.8%) was observed among probands with a history of hypertension. Similarly, the history of stroke among probands yielded a high occurrence rate of hypertension and stroke history among their relatives (34.7 and 42.8%, respectively).
The result of logistic regression models of the GEE is shown in Table 2 . There was a 2.5 times higher risk of hypertension in a relative of a proband with a history of hypertension than in a relative of a proband without such a history after adjustment of the proband's age and habitation area, and the relative's gender and type (parent or sibling). The comparison of parents of a proband with a positive history to those of a proband without a history resulted in an estimated OR of 2.3, which was somewhat smaller than the OR of 3.1 for the relationship between probands and siblings. All of these ORs were found to be highly significant (Po0.0001). For familial aggregation of stroke, ageadjusted ORs of 1.8 and 1.7 were estimated in the 'all relatives' and 'parents' models, respectively, whereas a 2.1-fold increase in risk was observed for the 'siblings' model.
According to the results from the proband predictive model including all relatives (Table 3) , a significant coexistence of a history of hypertension and a history of stroke within persons was demonstrated after adjustment for proband's factors such as age and habitation area, and relative's factors such as gender and consanguinity type (OR ¼ 2.8; 95% CI 2.8-2.9). Almost a two-fold significant increase of the risk for familial aggregation was observed for both hypertension and stroke, indicating the relatives of a proband with the hypertension (stroke) history showed a higher risk of having the hypertension (stroke) history than the relatives of a proband without the history. Moreover, this model also evaluated coaggregation of a history of hypertension and a history of stroke. The analysis revealed that the relative of a proband with a history of hypertension (stroke) was half as likely again to have a history of stroke (hypertension) as the relative of a proband without a history of hypertension (stroke) (OR ¼ 1.4; 95% CI 1.3-1.4). This association was consistently seen in both the 'parents' and 'siblings' model. We obtained consistent results even after including proband's BMI, smoking status (using 'never smoker' as an indicator), and drinking status (using 'never drinker' as an indicator) as additional covariates in the models.
Alternatively, we estimated ORs for the relationship between the proband and their parents for familial aggregation and coaggregation of hypertension and stroke. This model showed a significant association within persons, and the ORs representing the familial aggregation and coaggregation of 
Discussion
There is fairly general agreement that family history of hypertension is a strong risk factor for the occurrence of hypertension among relatives. Williams et al 12 suggested that familial aggregation of hypertension and familial correlation of blood pressure is due more to genes than to shared family environment. Family history of stroke is also perceived as an important risk factor, although opinion is divided with regard to familial aggregation of stroke. 6 Consistent with previous articles, our study suggested that the history of both hypertension and stroke aggregates in families, as demonstrated in the significant increase of risk in the logistic regression model of the GEE (Table 2) and the proband predictive model (Table 3) . Similarities in the strength of the relationship were observed in our previous study, 7 in which over two-fold and nearly three-fold increases of risk for the respective familial aggregation of hypertension and diabetes were revealed.
We should note that the history of each disease in brothers or sisters was lumped into a single observation unit since information on the history of individual siblings was not available. The clustering of data might cause a bias towards an overestimation of the relationships. The larger magnitude in the ORs for siblings than for parents (Table 2 ) may be due partly to this clustering effect. In fact, a previous clinic-based case-control study showed a higher observed risk in parents than in siblings of the probands, 8 a trend not consistent with out results. Another possibility is the effects related to the variability in age among parents and siblings: we previously found an aging-related decrease in the familial aggregation of both hypertension and stroke, and assumed that factors specific to individuals would have become more influential than shared familial factors in the development of the diseases at older ages. 7 We postulate that the same aging-related effects also conferred the larger ORs on the siblings than the parents in this study.
Despite all the literature indicating familial aggregation of stroke and hypertension, there has been a paucity of evidence showing that these disorders coaggregates in families, in particular, independently of the familial aggregation of each disorder itself. Empirical studies have shown that stroke and hypertension are grouped in families, but there remains a question whether the observed aggregation and coaggregation of stroke and hypertension are mutually independent. This shortcoming has not been addressed by the conventional methods, and this is why we used multivariate proband predictive techniques, which were known to have some advantages over conventional methods in terms of flexibility and realism, improved precision, and wider generability in the interpretation. 9, 13 This approach accounts for the dependence of observations within families, and renders the interpretations of the parameters more restricted. The current study is the first one to take advantage of the proband predictive model to confirm the familial coaggregation of stroke and hypertension in a largesized sample of a Japanese population.
We observed a nearly three-fold increase in the risk for clustering of hypertension and stroke within a person in the 'all relatives' model. This strong association indicates that a history of hypertension or stroke in the relatives was far more likely to cluster than would be expected by a chance. In a proband vs siblings comparison, a sibling with either a history of stroke or hypertension had a nearly eight times increased risk for a history of the other disorder. This strong association might have resulted in part from a loss of information by lumping data on the history of brothers or sisters. However, our interpretation is that the difference in the ORs for the clustering of two diseases within a person between the 'parents' and 'siblings' model was, to a certain degree, attributable to the agingrelated increase of nonfamilial factors involved in the development of the disorders, as we have discussed earlier.
As in our previous study, 7 a significant coaggregation of history of hypertension and stroke was again indicated in the present study. While hypertension is a well-known risk factor for stroke within an individual, our results illustrated that the presence of hypertension in a proband conferred an increased risk of having a history of stroke in the rest of the family members, independently of the relatives' history of hypertension. Since the proband can be viewed as a surrogate for the disorder status of the family in the proband predictive model, 13 the disorder status of the proband is regarded as representing the family's predisposition to the disorder. In this context, our results imply that an individual of a family predisposed to hypertension is as susceptible to stroke as to hypertension. At the same time, an indication was detected that a person from a stroke-prone family is likely to be susceptible to both stroke and hypertension, although the hypertension-stroke relationship showed a smaller magnitude in terms of OR than did the hypertension-hypertension or stroke-stroke relationship. This interpretation is grounded on the assumption that the proband predictive model provides interchangeability of proband and relatives, which, in general, is considered plausible. 9 Although it is not within the scope of our study to elaborate on the mechanisms responsible for this excess risk for familial hypertension-stroke coaggregation, we presume that genes, alone or in conjunction with environmental factors, influence susceptibility to hypertension as risk factors for stroke and vice versa; some genetic factors might enhance susceptibility to both disorders. Additionally, a common genetic basis for hypertension and stroke might be affected through genes underlying the risk factors for these traits (eg, obesity, atherosclerosis, diabetes). 8 This study is subject to some limitations. Since our population was community-based, there was a possibility that some probands are sibs to other probands born to the same parents. To avoid the potential bias stemming from this kinship, we divide the probands into four subpopulations according to their birth order; eldest, second eldest, third eldest, and the remainder, and then conducted subpopulation analyses separately. We confirmed that the estimated ORs across the birth order were eventually almost identical to what was obtained in the present analyses. By reasoning from this subanalysis regarding the kinship between each proband, we suppose another possibility that some probands are fathers or mothers to other probands can cause a bias of inconsequence. Secondly, various recall biases in relation to the previous history of the subject's parents or siblings may well be involved. Since the probands with a personal history became more conscious of the disease than those without such history, they might be prone to evoke the recollection of a family history, which could result in differential misclassification of the existence of the history. In this respect, because our population was originally designed for a prospective evaluation of factors related to the development of diseases, registration of disease incidence during the follow-up period has continued, and the use of the disease records will allow us to address the issue of recall biases further. Another problem concerns probands' knowledge of the disease history of their relatives; vague or defective recollections about relatives' illnesses may also yield erroneous classification. In regard to this issue, we conducted a study to confirm the reliability of the particulars of a given previous and family history. 14 Furthermore, the lack of individual-level information regarding the disease histories of a proband's brothers and sisters is another weakness. Loss of information through the lumping of independent observations from two or more persons into a single unit might possibly have generated overestimation of the association. However, we consider that the consequence of this bias is not large enough to cause grave misinterpretations because ORs with a slightly wider 95% CI would still likely to remain statistically significant in our model. Additional limitation is that we did not take into consideration the possible differences in inheritance from father to offspring and mother to offspring. Sex-specific differences with respect to paternal of maternal history of stroke and stroke risk in male or female offspring were indicated in a previous study. 15 Information was not available from the relatives for the covariates of the age, body mass index, smoking status, drinking status, and habitation area. Since the proband's age was highly likely to correlate with the relative's age, age-adjustment based only on proband's age indeed seems to be warranted. However, substituting other predictors pertaining to each relative with those from the proband may consequently cause an inadequate adjustment of potential cofounders, although the eventual effects of such a bias could not be tested. In this connection, had the disorder status for each disease and information on anthropometrical and lifestyle-related risks been available from each family member, we could have been able to use the family predictive model which models the responses of all family members interchangeably. 9, 13 The implications of our results for preventive policy and practices are similar to those of previous studies, but strengthened by utilization of a model with more efficient analysis. In light of our results indicating a significant coaggregation of hypertension and stroke within families, relatives of an individual with a history of hypertension are susceptible both to hypertension and stroke, and so are relatives of an individual with a history of stroke. Thus, one can identify families vulnerable to these illnesses by taking a careful family history of illness in the screening or clinical settings.
